The kinetics of cleavage of DNA from Adenovirus Type 1 (Ad1) , Type 5 (Ad5) and Type 6 (Ad6) by restriction endonuclease Eco Rl was investigated by quantitative evaluation of the fluorescence from ethidium stained DNA fragments separated on agarose gels. The apparent rate constants of cleavage at different cleavage sites have been determined and large differences in the cleavage rates of the individual sites within one type of DNA were found. From the kinetics of cleavage information on the sequence of the DNA fragments can be obtained. The order of the fragments A, B, C, D of Ad6 DNA obtained after complete cleavage by restriction endonuclease Eco Rl was found to be A-D-C-B; the order of the corresponding fragments A, B, C of Ad1 and Ad5 DNA was found to be A-C-B.
Gel electrophoresis: 16 capillary tubes were mounted vertically in an electrophoresis apparatus Type GE-4 (Pharmacia, Uppsala, Sweden) operated at 50V with a DC power supply Type EPS 500/400 (Pharmacia, Uppsala, Sweden). Electrophoresis was carried out for 150 min in E-buffer at room temperature.
Staining of the gels: The gels were stained with ethidium bromide (a gift of Boots Pure Drug Co., England) at a concentration of 0.4 ug/ml in E-buffer. For this purpose the gels were 
RESULTS
The order of the cleavage fragments DNA from Ad1, Ad5 and Ad6 was incubated for various time periods with Eco RI restriction endonuclease. After electrophoretic separation of the resulting DNA fragments and staining with ethidium bromide the fluorescence profiles were determined ( Fig. 1 a, b ) . After complete digestion of Ad1 DNA, three peaks are visible which correspond to the large fragment A and the smaller fragments B and C (Fig. 1 a) . With short incubation times an intermediary fragment turns up with an electrophoretic mobility between that of fragments B and A. From the possible combinations AC, AB and BC only BC remains as a candidate for this peak since fragments AC and AB must be located under peak A or even further towards the cathode. We also note that peak C increases simultaneously with the decrease in peak BC. Ad5 DNA Fragment Eco RI-B of Ad1 DNA, on the other hand, hybridizes to both fragments Eco RI-C and -E of Ad2 DNA. Since the order of the Eco RI fragments of Ad2 DNA is A-B-F-D-E-C (2 ) , we conclude that the order of the Eco RI fragments of Ad1 DNA is A-C-B (Fig. 2) .
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It is noteworthy that the electrophoretic mobility of fragments Ad1-Eco RI-C and Ad2-Eco RI-D is identical whereas the mobility of fragment Ad1-Eco RI-B corresponds to a fragment of the combined length of fragments Ad2-Eco RI-C and -E (not shown). Table I also shows that fragments Eco RI-C and -D of Ad6 DNA hybridize to fragments Ad2-Eco RI-D and -F respectively. Fragment Ad1-Eco RI-C hybridizes to both fragments Ad2-Eco RI-C and -E. Thus we conclude that the order of the Eco RI fragments of Ad6 DNA is A-D-C-B in agreement with the kinetic analysis (Fig. 2) .
Kinetics of cleavage
Since differences in the rate of hydrolysis at the cleavage sites for Eco RI restriction endonuclease on X-DNA have been reported (12) it was of interest to determine the rate constants of cleavage for the three Adenovirus DNAs (Ad1, Ad5, Ad6). The rate constants have been obtained (see Appendix II) by fitting the experimentally determined normalized number of molecules of each fragment (R(t)), identified on gels. (Fig. 1 a, b) for Ad1 (AdS) DNA and Ad6 DNA respectively ( Fig. 3a and 3b) . It was found that at 37°C the rate constant for cleavage of the site between fragments A and C(k A C ) of Ad1 and Ad5 DNA was about one third of the rate constant for cleavage at the site between fragments C and B (k-,-). This difference became more pronounced at 20°C (Table II) (Table II) . Their absolute values increase with increasing concentration of enzyme.
30
Time (min) Table II .
DISCUSSION
We have shown that by analysis of the cleavage kinetics the terminal fragments can be identified through their characteristic growth curve. Although fragment A cannot be resolved because of its size, information about its initial growth rate can be obtained. When the sequence is known the stoichiometric relationship between fragment A and the other fragments gives for Ad1 (Ad5) that R A <t)=R c (t)+R CB (t) and for Ad6 that R A (t)=R D (t)+R DC (t)+R DCB (t). Similar relationships can be found for all A containing fragments. As expected, fragment A, which is a terminal fragment for Ad1 (Ad5) and Ad6 DNA has no initial delay. This confirms the sequence analysis. We thus have demonstrated that the kinetics of cleavage is a useful complement to conventional sequence determination.
The cleavage rate constants determined in this study are 
which gives the eigenvalues X. and X«. By assuming a rapid equilibration of the first step in (I) the experimentally determined cleavage rate k is given by:
. [ 2 ] k Table II has been used to plot 1/k against 1/E where E is the relative input concentration of Eco RI restriction endonuclease (Fig. 4 ) . E can replace [E] in equ. |2| if the dissociation constant for the interaction between Eco RI restriction endonuclease and Adenovirus DNA is larger than the concentration of all binding sites on the Adenovirus DNA as well as of E . Deviations from linearity in Fig.4 indicate that this equivalence does not hold over the whole concentration range of E . Fig. 4 suggests that the main difference in the values of the rate constants k for the three cleavage sites of Ad6 DNA are apparently due to differences in the KM values rather than to differences in the respective k c This also is supported by the pronounced temperature sensitivity of the rate constants k. c (Ad1, Ad5) and k D C (Ad6), (Table I I ) .
We finally point out the similarity of the values for the rate constants related to equivalent cleavage sites (Table II, S is the number of counts in channel k and B. the estimated background originating primarily from ethidium bromide not bound to DNA. Peak i is contained between channels n. and m. and M is the maximum number of peaks in a gel. The total fluorescence of peak i is proportional to its amount of DNA, i.e. to the number of fragment molecules times the relative fragment length 1^. The quantity R^(t), where Determination of the relative lengths of DNA fragments: The fluorescence intensity profiles of the final cleavage products of DNA from Ad2 and Ad5 after incubation with Eco RI were used to investigate if the fluorescence was proportional to the length of the stained DNA fragments. From the fluorescence intensity of each peak the relative lengths of the fragments were determined according to equ. [3] . Since the relative lengths of both virus DNAs have been determined by the electron microscope (1,2), a control of the fluorometrically determined values of the relative lengths 1. is available. In Fig. 5 Rel. electronmicroscopic length 
-e +e R 12 (t)=e -k 9 t -k t R 23 (t)=e [6] -(k +k,)t R-and R_ refer to the terminal fragments while R 3 refers to the internal fragment. R 1 2 and R 2 3 refer to the two possible intermediates and R.,03 refers to the intact DNA. k.. and k ? are the rate constants of cleavage between fragments 1 and 2 and between fragments 2 and 3 respectively. Similar results were obtained for Ad6:
-k t R 1 (t)=1-e R u (t)=1-e~k In this case R 1 and R^ refer to the terminal fragments while R 2 and R, refer to internal fragments. R 12 34 re^ers to ^^e intact DNA and the other variables to the 5 intermediary fragments, k^, k 2 and k. are the rate constants of cleavage between fragments 1 and 2, fragments 2 and 3 and between fragments 3 and 4 respectively.
The relative concentration function of a fragment which needs two cleavages for its creation is characterized by a zero time derivative at time zero whereas fragments needing only one cleavage have a positive slope at zero time. This makes it possible to identify fragments and to determine the sequence of final fragments.
To obtain the rate constants k. (j=1,2....N ) where N c is the number of cleavage sites, we have fitted the theoretical expressions from equs. [6] or [7] to the experimentally determined quantities R.(t) (equ. [4] ). The parameter fitting was done with a computer program for non linear regression (15, 16) . The consistency of the estimates for the rate constants
